ABSTRACT Nova V2362 Cygni has undergone a number of very unusual changes. Ground-based spectroscopy initially revealed a normal sequence of events: the object faded and its near-infrared emission lines gradually shifted to higher excitation conditions until about day 100 when the optical fading reversed and the object slowly brightened. This was accompanied by a rise in the Swift X-ray telescope flux and a sudden shift in excitation of the visible and IR spectrum back to low levels. The new lower excitation spectrum revealed broad line widths and many P-Cygni profiles, all indicative of the ejection of a second shell. Eventually, dust formed, the X-ray brightnessapparently unaffected by dust formation-peaked and then declined, and the object faded at all wavelengths. The Spitzer dust spectra revealed a number of solid-state emission features that, at this time, are not identified.
INTRODUCTION
Though different in their details, most classical novae (CN) follow a fairly consistent development sequence (Bode & Evans 1989; Hernanz & Jose 2002) : a thermonuclear runaway (TNR) on the surface of a white dwarf (WD) in a contact binary system ignites. This happens when material accreted onto the WD from the secondary star reaches a sufficiently high temperature, typically 10 7 K at the base of the accreted material depending on its density. The energy released by the TNR drives a super-Eddington expansion and ejects 10 −6 -10 −4 M of material that expands to form a shell. Light from the shell increases rapidly because of its increasing surface area and in a few hours or days, the CN brightens by 4-5 orders of 23 Visiting Astronomer at the Infrared Telescope Facility, which is operated by the University of Hawaii under Cooperative Agreement no. NCC 5-538 with the National Aeronautics and Space Administration, Science Mission Directorate, Planetary Astronomy Program.
magnitude. This sudden brightening is the "nova." At maximum brightness, its spectrum resembles that of an F-type star and emission lines appear, some with short-lived P-Cygni profiles, and virtually all due to H i, He i, and neutral metals. The TNR is like a match that lights the surface material. After the initial impulsive ejection, the nova begins to fade even though nuclear burning and the associated stellar winds can continue for months or years after the outburst. As the wind flux decreases, the optical-depth-unity surface recedes, thereby exposing deeper and hotter layers of the WD's expanding photosphere. The increasing UV radiation begins to ionize the neutral species whose emission lines weaken and eventually disappear altogether, except for H i and He i. In due course He ii appears, then the nebular lines and, finally, the photo-ionized, collisionallyexcited coronal lines emerge to dominate the spectrum. During this time, the nova's brightness fades by many magnitudes and the system eventually reverts to its quiescent, accreting phase. V2362 Cygni was different. At first it behaved according to expectation. Then, while the neutral metal lines were fading and the He i lines were strengthening, the optical decline stopped and the nova brightened again (see the American Association of Variable Star Observers, AAVSO, light curve in Figure 1 ). This unusual behavior-as we will see from the IR and X-ray observations-probably indicates that after the initial TNR, the nuclear burning did not subside as it does in most novae, but instead strengthened and appeared to produce a second ejection event before shutting down for good.
V2362 Cygni (Nova Cygni 2006) was discovered near maximum light (m V ∼ 7.5) by H. Nishimura on April 2.807 UT (Nakano et al. 2006 ) at coordinates 21 11 32.35 +44 48 03.7 (J2000.0). At first, it appeared to be a CN with t 2 and t 3 being 10.5 and 24 days, respectively, but after about two months of monotonic decline, the light curve flattened, and then the object began to brighten. V2362 Cyg reached a secondary peak of m V ≈ 9.8 on around 2006 December 1 (day 243) followed by a precipitous fading that signaled the onset of dust formation. Though evolving somewhat faster, V1493 Aquilae (Nova Aquilae 1999 #1) showed a very similar light curve (Bonifacio et al. 2000; Dobrotka et al. 2006; Venturini et al. 2004) . In this paper, we report and analyze visible, IR, and X-ray observations of the nova during its first 500 days and discuss them in the context of possible scenarios.
OBSERVATIONS
Our observations began on 2006 April 30 and continued through the summer of 2007. Table 1 lists the data log for the observations reported here. Spectra in the 0.8-5.5 μm range were obtained using SpeX (Rayner et al. 2003) on the NASA Infrared Telescope Facility (IRTF) in the usual singlebeam single-nod mode using a 0.8 × 15 arcsec slit and a 7 arcsec nod. Spectral resolution was about 1000. Reductions were done with SpeXTools (Cushing et al. 2004) . Similar spectra in the 0.5-2.5 μm region were obtained with the Visibleto-Near-Infrared Imaging Spectrograph (VNIRIS) on the Lick Observatory 120 telescope using a 2 arcsec slit and nodding by 20 arcsec along the slit to subtract out the background sky. Reduction techniques were standard and have been described in earlier papers, e.g., Rudy et al. (2003) . The Swift X-Ray Telescope observations were performed in photon counting mode. X-ray telescope (XRT) data were extracted and processed using the standard Swift tools 24 , specifically xrtpipeline v0.11.3. We used event grades 0-12 and extracted events using a 24 arcsec radius region around the nova (Ness et al. 2007 ). Table 2 for line identifications in the 0.8-4.5 μm region). The six unidentified lines that frequently appear in novae at 1.1114, 1.1901, 1.5545, 2.0996, and 2.425 μm (Williams et al. 1996; Lynch et al. 2001 Lynch et al. , 2004 were not evident. On or immediately after 2006 November 30, dust formed and changed the spectral energy distribution (SED) of the nova shell.
Ground-Based Infrared and Optical Observations
The optical spectra from Steward and Lick are shown in Figure 6 with the line identifications for the earliest spectrum . The optical spectral development. The dates are followed by the amount by which the spectrum has been shifted so that they do not fall on the other spectra and thus can be seen more clearly.
profiles on November 30 were markedly different from the others; with a FWHM of 3500 km s −1 and a redshift of 200 km s −1 , the line profiles on November 30 did not resemble the profiles of the earlier or later spectra. After dust had formed, the FWHM of the line profiles reverted to 1700 km s −1 (Figure 9 ). Figure 10 shows spectra of V2362 Cyg before and after dust formed. The change in such a short time is remarkable. The dust blocked most of the visible light and produced thermal emission. The emission peaked around 2.05 μm, corresponding to a temperature of 1410 ± 15 K, the hottest dust ever observed in a CN outburst and very close to its condensation temperature, probably around 1500 K assuming normal abundances of heavy elements. The spectrum also fits a Planck function very closely, which suggests that it was optically thick and Fe ii blended with previous on red wing lacked any significant spectral structure that could indicate dust composition. The date of dust formation is unknown but is certain to have occurred between 2006 November 30 and December 12. On the former date, there was no evidence of thermal emission from dust, while on the latter date, the thermal emission was detected at longer wavelengths ) but was not immediately recognized as being due to dust: the dust's high temperature produced a Rayleigh-Jeans spectrum in the 3-14 μm range whose shape was indistinguishable from that of a gaseous photosphere. Figure 11 shows the Spitzer Space Telescope spectra of the object on 2006 December 12 and 2006 December 24 (days 254 and 266, respectively). The first spectrum was probably taken during the early stages of dust formation and the second about 12 days later when there was abundant dust. In the second spectrum, the H i lines are almost completely obscured although the [O iv] line was not blocked and appeared to have strengthened. The two spectra show no evidence of solid-state dust features (e.g., silicates), which is probably the result of the dust shell being optically thick. As the shell expanded, the dust absorption decreased until it became sufficiently optically thin to reveal a spectral structure due to dust emission. 11.3, and ∼18 μm, the interpretation of which is discussed in Section 5 below.
Spitzer Space Telescope Data

Swift X-Ray Telescope Observations
We obtained nine X-ray observations with the Swift XRT (Burrows et al. 2005 ) using a 24 arcsec radius around the object. In Table 4 we list the observation day, exposure time, count rate, and hardness ratio. The count rates were obtained as described in the Appendix in Ness et al. (2007) . We also extracted spectra from the recorded photon energies; however, the number of photons was insufficient to obtain a well exposed spectrum. They were, however, good enough to reveal that none of the spectra displayed a Super Soft X-ray Source (SSS) spectrum. An SSS would have indicated that the photosphere of the shell surrounding the WD had receded to a depth where we could detect the underlying WD. SSS spectra usually display a spectrum that resembles a blackbody with temperature ∼50 eV (e.g., Kahabka & van den Heuvel 1997) .
Individual observations recorded less than 200 counts each and are thus not suitable for spectral fitting. The hardness ratio values are generally consistent with cosmically abundant optically thin emission at temperatures in the range ∼0.5-1 keV (assuming N H = 3 × 10 21 cm −2 , as derived from E(B − V) = 0.58). We accumulated a spectrum from the entire set of observations; flux is detected up to 4 keV. We were not able to find a good fit using a single-temperature optically thin spectral model. A two-temperature model was a more reasonable fit although this was still poor (kT 1 = 0.19 ± 0.02 keV, kT 2 = 1.8 ± 0.2 keV, χ 2 = 2.1). We were able to obtain a good spectral fit (χ 2 = 1.2) only by the ad hoc addition of emission line components from hydrogen-like sodium (E = 1.23 keV, EW = 200 eV) and helium-like aluminum (E = 1.60 keV, EW = 260 eV). There is no evidence of an SSS optically thick spectral component. For all fits, N H was fixed at the value above, and fits with N H that were allowed to vary gave consistent values. They are consistent with those from XMM-Newton on day 398 given by Hernanz et al. (2007) who reported a flux that was a factor two times higher than our highest XRT value. The X-ray hardness ratio shows only modest evidence for spectral evolution at best. Figure 13 shows the Swift XRT flux in the 0.3-10 keV band as a function of time. For comparison, we have overplotted the scaled visible brightness derived from Figure 1 . Although we have no Swift data before day 195, it is possible that the upturn in visible brightness was more-or-less co-temporal with the increase in the X-ray flux. How these two events are related is unclear. The fact that dust formation did not seem to have any effect on the X-ray flux might suggest that the X-ray source was outside of the dust shell, unless the dust's X-ray opacity was low.
REDDENING, EXTINCTION, AND DISTANCE
Reddening can be obtained from our spectra using the Lyman β fluoresced O i lines (Rudy et al. 1991) . From April to June, the 
THE REBRIGHTENING
One interesting aspect of V2362 Cyg was its rebrightening (Figure 1 ) and spectral rejuvenation (Figures 2, 3, and 6 ). In view of the large expansion velocity (Figure 9 ), the optical (Figures 1 and 14) , and the time behavior of the XRT measurements ( Figure 13 ), it appears that something happened to increase the X-ray luminosity. As noted earlier, the formation of dust did not seem to affect the X-ray light curve. Some measure of the nova's unusual behavior is revealed in Figure 14 , which shows the spectral region around the O i 0.8446 μm line on 2006 August 1 and November 30. The line broadened enormously and grew more complex with the appearance of several velocity components and a narrow P-Cygni absorption component. The continuum level also rose by about a factor of eight. As early as 2006 September 26, the 4640 Å line showed a weak P-Cygni profile and by November 11, most of the Balmer lines also showed such profiles. On December 20 right after dust formed, the He i 2.0581 μm showed a P-Cygni profile but the H i lines did not. After 2006 December 20, no P-Cygni profiles were seen. This behavior appears to indicate the ejection of a shell of material that was moving much faster than the original ejecta.
DUST
At 1410 K, the observed dust on 2006 December 20 ( Figure 10 ) was some of the hottest ever seen in an astronomical source. The spectrum was also a near-perfect fit to a blackbody, suggesting that the dust was nearly isothermal, and possibly optically thick. The dust was also optically thick, as Figure 1 shows by the deep drop in optical brightness. The latest Spitzer spectrum (Figure 12 ) obtained on 2007 June 22 shows obvious solid-state emission features at 6.37, 8.05, 11.32, and ∼18 μm. Figure 12 also shows that the spectrum was highly non-Planckian. Any attempt to fit a blackbody to the spectrum fell far short of a satisfactory match. The presence of a non-Planckian spectrum indicates three conditions: (1) the dust shell or cloud is probably optically thin, (2) the dust particles are small enough to be optically thin (∼micron size), and (3) the dust particles have significant variation in emissivity and thus are able to reveal spectral features that are indicative of their composition.
The spectrum in Figure 12 is somewhat puzzling because none of the features can be readily identified with the usual features found in dust: silicates, unidentified infrared (UIR; Gillett et al. 1973) or polycyclic aromatic hydrocorbon (PAH; Allamandola et al. 1985) bands, etc. The feature at 11.3 μm-or one very much like it-occurs in both oxygen-rich dust (olivine feature) and carbon-rich dust (UIR bands and some PAH features), though the common wavelength between the two is a coincidence. The broad feature between 18 and 22 μm is suggestive of silicate emission. The absence of a stronger feature near 9.7 μm, however, probably rules out silicates, at least in the way we have come to understand them in comets and oxygen-rich circumstellar dust shells. Similarly, the absence of a complete suite of UIR bands (3.29, 6.2, 7.6/7.7, 8.6, 11.3, and 12.7 μm) suggests that we are not dealing with UIR bands. The very presence of dust emission features probably rules out graphite as a possibility. It is tempting to assign the 6.37 μm feature and 11.3 μm features to CaCO 3 (calcite) because it has these two bands in roughly the right strengths and wavelengths, but calcite's strong 14 μm feature is missing.
The most striking feature in Figure 12 is the large broad emission band that peaks at 8.05 μm. Buss et al. (1991) report an 8 μm feature in some carbon stars such as HD 38218 but their spectra also show a broad SiC feature at 11.3 μm, much wider than the weak narrow one that we observed. Sloan et al. (2007) show spectra of a number of C stars and one of them-HD 100764-displays three very weak emission features centered at 6.35, 8.1, and 11.4 μm, tantalizingly close to V2362 Cyg's. They attribute these to PAHs, whose peak wavelength of the features shifts as a function of effective temperature of the exciting star.
With no satisfactory identification of any of the emission features in V2362 Cyg's Spitzer spectrum of 2007 June 22, we are left with a mystery. That the emission is due to solid particles seems unequivocal. The spectrum does not even remotely match any of the thousands of astronomical or laboratory spectra we have examined. The closest resemblance is to certain C-rich sources, but even then, the spectra are so different that we cannot claim that V2362 Cyg's ejecta were C-rich. It is possible and perhaps likely that we are seeing either a heretofore unrecognized excitation/emission process in ordinary dust, or emission from dust with a highly unusual composition.
Could the second ejection have somehow triggered dust formation? If we assume that both brightenings were associated with ejected material that expanded at constant velocity (here taken as 1300 and 3500 km s −1 , respectively), then the second shell would have overtaken the first shell on about day 243 when dust formed, providing that the second ejection was launched on day 150. Extrapolating back in time from the optical and X-ray data, we estimate that the second ejection began somewhat earlier, around day 100 (given our infrequent observations, it could have begun as early as days 45-60 as Kimeswenger et al. 2008 suggest) . The shells would not be expected to be infinitely thin hollow spheres; they have finite wall thicknesses as a result of the duration of the ejection and subsequent winds. Also, little is known about the density of either shell at the time that the two began to interact. Therefore, it is possible that the second shell triggered shock-induced dust formation when it overtook the first shell (e.g., Fleischer et al. 1992; Schirrmacher et al. 2003) .
SUMMARY AND CONCLUSIONS
V2362 Cyg was a most unusual and possibly unique object (Table 5 ). Only V1493 Aql showed a similar light curve and it was not observed with as much time regularity or with as many instruments as V2362 Cyg. It apparently experienced a second ejection that was moving faster than the first; the line widths tripled as the optical light curve approached its maximum just before dust formed. The X-ray flux reached a broad peak about 100 days after dust formation. During the second brightening, the spectrum evolved from an early nebular phase to an early post-maximum low excitation spectrum. Dust formation may have been triggered as the expanding shell from the second ejection interacted with the ejecta from the first one.
